E ducators are placing a greater emphasis on the development of cooperative laboratory experiences that supplement the traditional lecture format. The new laboratory materials should encourage active learning, problem-solving, and inquiry-based approaches. To address these goals, we developed a laboratory exercise designed to introduce students to the hemodynamic variables (heart rate, stroke volume, total peripheral resistance, and compliance) that alter arterial pressure. For this experience, students are presented with ''unknown'' chart recordings illustrating pulsatile arterial pressure before and in response to several interventions. Students must analyze and interpret these unknown recordings and match each recording with the appropriate intervention. These active learning procedures help students understand and apply basic science concepts in a challenging and interactive format. Furthermore, laboratory experiences may enhance the students' level of understanding and ability to synthesize and apply information. In conducting this exercise, students are introduced to the joys and excitement of inquiry-based learning through experimentation.
Traditional learning is undergoing a transformation in the life science classroom. This transition is necessary because educators have traditionally placed an ''overemphasis on technical rationality or the technical knowledge base for professions'' (18) . Consequently, young professionals are not prepared to handle situations that require more than just technical skills to solve the problem. Furthermore, students function passively in these situations, like vessels waiting to be filled with a predetermined body of knowledge. However, to become problem solvers and critical thinkers, students must become actively involved in the learning process (2, 10, 11) . Active involvement enhances the students' level of understanding and ability to integrate and synthesize material. Active involvement also improves the students' conceptualization of systems and how they function and increases the students' level of retention (8, 13) .
The most effective means to promote problem solving, critical thinking, and cooperative learning is through active participation in laboratory experimentation and analysis (17) . Employment opportunities in the future will require employees to work cooperatively to solve problems and develop solutions. However, experimentation is often neglected in many curricula because of the scarcity of suitable laboratory equipment, space, and experiments. The use of laboratory animals for experimentation is another obstacle, because many schools do not have sufficient funding or facilities to care for live animals. In addition, some teachers may lack the experience of handling laboratory animals (15) .
To address these concerns, we developed an inquirybased, cooperative laboratory exercise investigating cardiovascular physiology in a way that required students to become actively involved and responsible for their learning (19) . We wanted to create an experience that could be used by teachers and students who do not have the resources required for actual experimentation. Students are presented with 10 ''unknown'' chart recordings presenting pulsatile arterial pressure before and in response to various perturbations. Students are challenged to analyze and interpret these unknown recordings and match them with the perturbations. In conducting the laboratory exercise, students are introduced to the joys and excitement of inquiry-based learning through experimentation.
LABORATORY PROCEDURES

Objectives
The objectives of the laboratory exercise are as follows.
1)
Introduce principles governing changes in hemodynamic variables and cardiovascular regulation.
2) Introduce various drugs and physiological perturbations that alter hemodynamic variables, and explain their effects.
3) Encourage small group discussion and enhance analytic thinking.
4)
Apply what students have learned to an experimental situation by identifying an unknown drug or physiological alteration.
Materials needed. Pencils and rulers are required to complete the laboratory exercise.
DESIGN
This exercise is designed for students to determine the identity of an unknown drug or physiological alteration by observing its effect on arterial pressure and heart rate. Students are challenged to combine their knowledge of cardiovascular physiology with background information on drugs and/or mechanical alterations to elucidate which chart recording demonstrates the results from a pharmacological or mechanical alteration (1, 3, 9, 12, 14) . To accomplish this goal, students will need to calculate systolic blood pressure, diastolic blood pressure, mean arterial pressure, and heart rate from Charts 1-10. Using these values, students must then determine which intervention caused the results illustrated in each chart recording.
Before beginning this exercise, students should have a solid background in cardiovascular physiology, including hemodynamics and reflex control. The following perturbations or drugs were administered.
1)
Right vagal stimulation. The right vagus nerve innervates the sinoatrial (SA) node of the heart. Stimulation of the right vagus nerve inhibits the sinoatrial node.
2) Phenylephrine administration. Phenylephrine is an ␣ 1 -adrenergic receptor agonist.
3) Epinephrine administration. Epinephrine is a nonspecific ␤-adrenergic receptor agonist.
4)
Bilateral carotid occlusion. Bilateral carotid occlusion below the carotid sinus reduces arterial pressure in the carotid sinus.
5)
Nitroglycerine administration. Nitroglycerine is a nitric oxide donor.
6) Ouabain administration. Ouabain is a Na ϩ -K ϩ -ATPase inhibitor.
7)
Atropine administration. Atropine is a nonspecific muscarinic receptor antagonist.
8)
Right stellate stimulation. Sympathetic fibers from the right stellate ganglion innervate the SA node of the heart. Stimulating the right stellate ganglion will increase sympathetic stimulation to the heart. 9) Increased arterial compliance. Compliance is defined as the change in pressure per unit change in volume. Compliance is an index of how easily the vessel can be stretched. A vessel with an increased compliance has a greater volume for each unit change in pressure.
10)
Decreased arterial compliance. A vessel with a decreased compliance has a smaller volume for each unit change in pressure. Table 1 presents systolic blood pressure, diastolic blood pressure, mean arterial pressure, and heart rate before and during each intervention. Students may calculate values slightly different from those provided. Our intention is to provide a guideline by which the instructor can assess the logic and reasoning of the students' answers.
EXPLANATIONS OF ANSWERS
Right Vagal Stimulation (Chart 1)
The various regions of the heart function in an orderly sequence to produce a healthy heartbeat. For an orderly contraction to take place, an action potential must follow through a specialized cardiac conduction system to all parts of the myocardium. The contractile response of the heart begins just after the action potential. The structures making up this specialized conduction system are the SA node, the atrioventricular (AV) node, the bundle of His and its branches, and the Purkinje fibers. Each of these components of the cardiac conduction system is capable of spontaneous discharge, so it is crucial that they are sequenced so as to produce a fluid contraction. This is accomplished by the difference in discharge rates of the various conducting tissues. Under normal conditions the SA node discharges most rapidly. The electrical impulses then stimulate the right atria to contract. The impulses then travel to the AV node, the bundle of His, and finally, the Purkinje fibers, which traverse into the ventricles, resulting in ventricular contraction. The rapid rate of the SA node sends a depolarizing action potential to the other regions before they are able to discharge spontaneously. Thus the SA node is commonly referred to as the pacemaker of the heart. A factor that influences the discharge rate of the SA node (and consequently heart rate) is the autonomic nervous system (ANS). The ANS is subdivided into two components: the parasympathetic nervous system (PNS) and the sympathetic nervous system (SNS). The PNS functions to decrease heart rate. The SNS functions to increase heart rate. The interaction between the two systems can be compared with the gas and brake pedals on a car (Fig. 1) . The SNS is analogous to the gas pedal and the PNS to the brake pedal. Suppose a person driving a car has his or her right foot on the gas pedal and his or her left foot on the brake pedal to maintain a speed of 55 miles per hour (mph) (Fig. 1A) . To accelerate the car to 65 mph, the gas pedal is activated while the activity to the brake pedal is diminished (Fig. 1B) . Alternately, to decelerate the car to 50 mph, the brake pedal is activated and the activity to the gas pedal is diminished (Fig. 1C) . Both pedals work together to allow the car to speed up or slow down. Similarly, both components of the ANS function together to regulate heart rate. At rest the SNS and PNS work together to maintain a resting heart rate of 80 beats/min. To increase heart rate, activity of the PNS is diminished while activity of the SNS is increased. Conversely, a decrease in heart rate is achieved by an increase in the PNS and a decrease in the SNS.
Both the sympathetic and parasympathetic nervous system innervate the SA node. Stimulation of the right vagus (PNS) nerve releases acetylcholine on the m 2 receptors of the SA node, which hyperpolarizes the membrane. The hyperpolarization makes it harder for the node to depolarize and create an action potential. The result is a decrease in the firing rate of the SA node, and thus heart rate will decrease. Strong vagal stimulation may completely abolish the discharge rate of the SA node. If vagal stimulation is continued, the heart may beat spontaneously via the spontaneous activation of the AV node. However, the AV node discharges at a lower rate than the SA node, and thus the heart rate paced by the AV node will be slower than that previously paced by the SA node.
A decrease in heart rate in response to right vagal stimulation will have an effect on arterial pressure. Recall that arterial pressure is a product of cardiac output and total peripheral resistance. Furthermore, cardiac output is a product of heart rate and stroke volume. Thus a decrease in heart rate will result in a decrease in cardiac output. Consequently, the reduction in both heart rate and cardiac output decreases arterial pressure. Alternatively, a perturbation that increases heart rate will increase arterial pressure.
Phenylephrine Administration (Chart 2)
Phenylephrine acts on the ␣-adrenergic receptors of the vasculature to elicit vasoconstriction. The vasoconstrictor response will elicit an increase in total peripheral resistance. Because mean arterial pressure is a product of cardiac output and total peripheral resistance, an increase in total peripheral resistance results in an increase in arterial pressure. The increase in arterial pressure activates arterial baroreceptors located in both the carotid sinus and the aortic arch, which results in a baroreflex-mediated decrease in heart rate caused by vagal activation and sympathetic withdrawal.
Total peripheral resistance is defined as the resistance to blood flow and reflects the state of constriction or dilation within the vascular system. Blood flow is affected by pressure and resistance within the vasculature and is calculated by the following equation: flow ϭ pressure/resistance.
FIG. 1.
Analogy between autonomic nervous system and the gas and brake pedals of a car. Heights of boxes represent amount of activity occurring within each system. A: baseline condition of car [55 miles per hour (mph)]. Note that during baseline condition, the parasympathetic nervous system (PNS) exerts a greater effect than the sympathetic nervous system (SNS). B: as the car accelerates (65 mph), the activity of the SNS increases while the activity of the PNS decreases. C: as the car slows down (50 mph), the activity of the PNS increases as the activity of the SNS decreases.
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From this equation, it can be seen that an increase in resistance reduces blood flow. Therefore, an increase in resistance reduces blood flow, trapping blood on the arterial side of the circulation. An increase in blood on the arterial side of the circulation raises arterial pressure.
The radius of the vessel is the single most important parameter affecting total peripheral resistance, as can be seen from Poiseuille's law. Poiseuille's law is expressed as R ϭ 8l/pr 4 , where R is resistance, is the viscosity of the fluid, l is the length of the vessel, is 3.14, and r is the radius of the vessel. The most important parameter in this equation is the radius of the vessel. Very small changes in arteriolar radius will cause dramatic alterations in blood flow because resistance varies inversely with the fourth power of the radius. If the radius of the vessel doubles in size, the flow of blood will increase 16-fold. flow-dependent release of endothelium-derived relaxing factors (nitric oxide). Epinephrine released from the adrenal gland also functions to produce vasodilation by acting on ␤ 2 -adrenergic receptors. The counterbalancing vasoconstrictor mechanisms include sympathetic nerve activity, adrenally released norepinephrine, and various hormones (angiotensin II and vasopressin).
Finally, it is important to reiterate that resistance to blood flow within the vasculature occurs mainly in resistance vessels, at the terminal arterioles. Fluctuations in resistance alter blood flow and arterial pressure. If resistance increases, blood flow out of the arterial system decreases and the pressure within the vessel increases (Fig. 3) . In contrast, if the resistance decreases, blood flow out of the arterial system increases and the pressure within the vessel decreases.
Note: Pulse pressure also increases after the administration of phenylephrine. See Decreased Arterial Compliance for an explanation of the effect of compliance on pulse pressure.
Epinephrine Administration (Chart 3)
In the virtual experiment, epinephrine was administered at a physiological concentration. This is an important point because either a vasodilatory or vasoconstrictor response will prevail depending on the dose or concentration of epinephrine. This is because there are two major types of adrenergic receptors that epinephrine could bind to, ␣-and/or ␤-adrenergic receptors. ␣-Adrenergic receptors can be further subdivided into ␣ 1 -and ␣ 2 -adrenergic receptors. Activation of vascular ␣-adrenergic receptors elicits vasoconstriction. The ␤-adrenergic receptors can also be further subdivided into ␤ 1 -and ␤ 2 -adrenergic receptors located on the heart and vasculature, respectively. Activation of ␤-adrenergic receptors increases heart rate and contractility (␤ 1 ) and vasodilation (␤ 2 ). Epinephrine has a greater affinity for ␤-adrenergic receptors; however, it can also bind to In addition, epinephrine always causes an increase in heart rate and contractility. Figure 4 is a schematic representation depicting the vasoconstrictor and vasodilator effects of epinephrine. An arteriole possess both ␣-and ␤ 2 -adrenergic receptors (Fig. 4A) . At physiological concentrations, epinephrine preferentially binds to ␤-adrenergic receptors because the affinity of epinephrine to ␤-adrenergic receptors is greater than that to ␣-adrenergic receptors. Thus the vasodilator response will prevail (Fig. 4B) . However, at pharmacological concentrations, epinephrine will first bind to ␤ 2 -adrenergic receptors and then, once the ␤-adrenergic receptors are saturated, to ␣-adrenergic receptors. Because there are a greater number of ␣-adrenergic receptors than ␤ 2 -adrenergic receptors, the vasoconstrictor response will predominate (Fig. 4C) .
The pattern of hemodynamic responses to adrenergic receptor stimulation will depend on the type of adrenergic receptor activated. To illustrate this concept, Fig. 5 presents arterial pressure, heart rate, cardiac output, and total peripheral resistance responses to ␤-adrenergic receptor activation (physiological and pharmacological doses) and ␣-adrenergic receptor activation. At a physiological concentration, epinephrine preferentially binds to ␤-adrenergic receptors (Fig. 4B) . Activation of ␤ 2 -adrenergic receptors elicits vasodilation, and thus total peripheral resistance drops (Fig. 5) . Consequently, diastolic blood pressure decreases. In addition, epinephrine increases the force and rate of myocardial contraction. This response is mediated by cardiac ␤ 1 -adrenergic receptors. The resulting enhanced cardiac inotropy increases stroke volume and thus raises systolic blood pressure. Furthermore, the arterial baroreflex is insufficient to overcome the direct effect of epinephrine on the heart. As a result, heart rate and cardiac output increase.
When administered at a pharmacological concentration, epinephrine binds to both ␣-and ␤-adrenergic receptors (Fig. 4C) . In this situation, the ␣-adrenergic receptor-mediated vasoconstrictor response overcomes the ␤-adrenergic-mediated vasodilator response and total peripheral resistance increases (Fig.  5) . Epinephrine also activates cardiac ␤ 1 -adrenergic receptors to increase the force and rate of myocardial contraction. Together, this effect increases systolic and diastolic blood pressure. The resulting hypertension stimulates arterial baroreceptors, evoking a baroreflex-mediated decrease in heart rate caused by vagal activation and sympathetic withdrawal. However, the reflex decrease in heart rate overrides the direct cardioacceleratory effect of epinephrine, and both heart rate and cardiac output fall.
Finally, activating only vascular ␣-adrenergic receptors elicits yet another series of hemodynamic re- http://advan.physiology.org/ sponses. Administration of the ␣-adrenergic receptor agonist phenylephrine elicits vasoconstriction. Like the pharmacological dose of epinephrine, the vasoconstrictor response increases total peripheral resistance and consequently arterial pressure (Fig. 5) . The increase in arterial pressure activates arterial baroreceptors and evokes a baroreflex-mediated decrease in heart rate. However, unlike the pharmacological dose of epinephrine, phenylephrine does not have a significant direct effect on the SA node. Consequently, the decrease in heart rate and cardiac output is greater than that of epinephrine. 
FIG. 5.
I N N O V A T I O N S
Bilateral Carotid Occlusion (Chart 4)
The carotid sinus is a small dilation of the internal carotid artery located just above the bifurcation of the common carotid artery. Arterial baroreceptors, which are stretch receptors that monitor the pressure in the arterial circulation, are located in the carotid sinus as well as in the aortic arch. The arterial baroreceptors are stimulated by distension of the vessels in which they are located, and they fire at an increased rate when the pressure in these vessels rises. Bilateral carotid occlusion below the carotid sinus will lower the pressure in the carotid sinus and cause the baroreceptors (located in the carotid sinus) to decrease their firing rate. This will cause an arterial baroreflex-mediated vagal withdrawal as well as an increase in sympathetic nerve activity to the heart and vasculature. Consequently, heart rate and total peripheral resistance will increase. The increase in heart rate and total peripheral resistance increases arterial pressure. Note, however, that the pressor response during this perturbation activates the aortic baroreceptors. The increased firing rate of the aortic baroreceptors in response to this perturbation sends signals to the vasomotor centers in the medulla of the brain to cause vagal activation as well as sympathoinhibition to the heart and vasculature. Therefore, the pressor and tachycardic response to bilateral carotid occlusion will be buffered by the opposing responses of the aortic baroreceptors.
Nitroglycerine Administration (Chart 5)
Nitroglycerine is a nitric oxide donor that acts directly on vascular smooth muscle to elicit vasodilation. The vasodilation will cause a decrease in total peripheral resistance, which lowers arterial pressure. This decrease in arterial pressure will unload the arterial baroreceptors in the carotid sinus and in the aortic arch, resulting in an arterial baroreflex-mediated increase in heart rate caused by vagal withdrawal and sympathetic activation.
The students are challenged to compare and contrast the tachycardic responses between nitroglycerine and epinephrine. The decrease in pressure caused by nitroglycerine is larger than that mediated by epinephrine because the depressor response is being buffered by only one mechanism, a baroreflex-mediated increase in heart rate. Although epinephrine also decreases arterial pressure, the depressor response is smaller than that mediated by nitroglycerine because it is being buffered by two mechanisms: 1) the baroreflex-mediated increase in heart rate and 2) the direct effect of epinephrine in activating cardiac ␤ 1 -adrenergic receptors to increase heart rate and , heart rate, cardiac output, and peripheral resistance responses to a physiological dose of epinephrine, a pharmacological dose of epinephrine, and a dose of phenylephrine. The physiological dose of epinephrine increased heart rate and contractility due to activation of cardiac ␤ 1 -adrenergic receptors. The increase in heart rate and contractility increased cardiac output and subsequently systolic blood pressure. The physiological dose of epinephrine also decreased peripheral resistance by activation of ␤ 2 -adrenergic receptors. Reductions in peripheral resistance caused a decrease in diastolic blood pressure. The pharmacological dose of epinephrine increased systolic, diastolic, and mean arterial blood pressure due to a ␤ 1 -adrenergic receptor-mediated increase in heart rate and contractility and an ␣-adrenergic receptor-mediated vasoconstriction increasing peripheral resistance. However, the rise in heart rate and cardiac output is markedly reduced due to an arterial baroreflexmediated vagal discharge and sympathetic withdrawal. ␣-Adrenergic receptor stimulation (phenylephrine) elicits a vasoconstrictor effect with hemodynamic responses similar to a pharmacological dose of epinephrine; however, phenylephrine does not have a direct chronotropic or inotropic effect.
contractility. As a result, the tachycardic response seen with epinephrine is larger than the tachycardic response seen with nitroglycerine.
Note: Pulse pressure also decreases after the administration of nitroglycerin. See Increased Arterial Compliance for an explanation of the effect of compliance on pulse pressure.
Ouabain Administration (Chart 6)
The increase in arterial blood pressure in response to ouabain can be explained by discussing the effect of ouabain on intracellular Ca 2ϩ . An exchanger mechanism, which removes intracellular Ca 2ϩ by exchanging 3 Na ϩ for 1 Ca 2ϩ , exists on the sarcolemma (Fig. 6A ). The energy for this exchange is primarily supplied by the Na ϩ gradient. Under normal conditions, Na ϩ concentration is high outside the cell relative to that inside of the cell. The Na ϩ -K ϩ -ATPase pump maintains this gradient by pumping 3 Na ϩ out of the cell in exchange for 2 K ϩ (Fig. 6B) . Any intervention that increases the Na ϩ gradient will augment the exchanger, thereby increasing the extrusion of Ca 2ϩ from the cell. Conversely, any intervention that decreases the Na ϩ gradient will attenuate the exchanger and increase intracellular Ca 2ϩ . Ouabain inhibits the Na ϩ -K ϩ -ATPase. As intracellular Na ϩ increases in the presence of ouabain, the gradient is decreased and the Na ϩ /Ca 2ϩ exchanger mechanism slows. This slowing causes intracellular Ca 2ϩ to increase, which enhances cardiac inotropy. The increased contractility will increase stroke volume and lead to an increase in cardiac output. Because peripheral resistance is unchanged, an increase in cardiac output will lead to an increase in arterial pressure.
Atropine Administration (Chart 7)
Cardiac muscarinic receptors are activated by acetylcholine, which is the neurotransmitter of the PNS. Administration of the muscarinic-cholinergic receptor antagonist atropine will block the effect of the vagus nerve (parasympathetic innervation) on the heart. This is analogous to removing your foot from the brake (Fig. 1) . Subsequently, heart rate will increase. In resting humans, the increase in heart rate is dramatic because heart rate is predominantly controlled by the PNS. The increase in heart rate will also cause an increase in cardiac output, which in turn will increase arterial pressure.
Right Stellate Stimulation (Chart 8)
Stimulation of the right stellate ganglion increases sympathetic stimulation to the SA node, which in turn increases heart rate. This is analogous to stepping on the gas (Fig. 1) . However, compared with the increase in heart rate after the administration of atropine, the increase in heart rate is much less dramatic. The reason for this difference is the presence of the PNS.
Recall that heart rate is under simultaneous control of the PNS and SNS. Thus the heart rate response to activation of one component will be opposed by the antagonistic action of the other component. This would be analogous to speeding up your car by pushing down on the gas pedal while the brake is on. You may be able to speed the car up, but certainly not as much as if you were to take your foot off the brake. Similarly, right stellate stimulation increases heart rate, but not as much as if the PNS were removed. Thus the increase in heart rate in response to right stellate stimulation will not be as dramatic compared with that in response to muscarinic-cholinergic receptor blockade because the tachycardic response is being opposed by the PNS.
Although both blockade of the PNS and right stellate stimulation increase heart rate, the initial rise is different between the two. Careful examination of PNS blockade reveals an immediate increase in heart rate. With reference to the car analogy, blockade of the PNS is like removing your foot from the brake while having your foot on the gas. Release of the brake will cause the car to speed up immediately. Alternatively, the car can increase its speed if you push down on the gas pedal. However, the time required to reach the desired speed will be longer because the mechanical events necessary for the speed to increase are not activated immediately. Similarly, the heart rate increase caused by right stellate stimulation is slower because the cellular events necessary for contraction take time to be activated and implemented. Furthermore, the increase in heart rate is being opposed by the antagonistic response of the PNS. Together, these differences account for the immediate versus slower reaction times of parasympathetic blockade and right stellate stimulation. Thus PNS responses can occur within one heart beat; however, SNS responses require ϳ12 beats before the response is observed.
Increased Arterial Compliance (Chart 9)
Arterial blood pressure is defined as the pressure exerted by the blood against the arterial walls. The volume of blood in the vessel determines the pressure exerted by the blood. Therefore, an increase in the volume of blood results in an increase in arterial pressure. It is important to note, however, that the volume of blood being ejected by the heart remains the same during this perturbation; only the compliance of the vessel has changed. The net result of an increase or decrease in compliance does not change mean arterial pressure even though changes in pulse pressure occur.
Pulse pressure is the difference between systolic and diastolic blood pressure. Increasing the compliance of an artery will decrease pulse pressure. To better understand the concept of compliance, compare an artery to a rubber band. A rubber band has an elastic property that allows it to stretch if a force is applied to it. If the rubber band has a high compliance, it can be easily stretched. If the rubber band is let go, it rebounds quickly and forcefully to its original state. Conversely, if the rubber band has a low compliance, it cannot be easily stretched and the rebound effect is reduced. During systole, a vessel with high compliance expands, and consequently, systolic blood pressure decreases. During diastole, the vessel rebounds and delivers energy into the vascular system, and consequently, diastolic blood pressure increases. The decrease in systolic pressure and increase in diastolic pressure lead to the decreased pulse pressure that is associated with an increase in arterial compliance.
As mentioned in Nitroglycerin Administration, pulse pressure decreases with the administration of the vasodilator nitroglycerin. Vasodilation increases the peripheral runoff of blood from the arteries through the resistance vessels. Thus the arterial blood volume and mean arterial pressure decrease. This drop in blood volume reduces the stretch on the vascular wall and moves the vessel to a more compliant point on the pressure-volume curve (Fig. 7, point C) . Thus nitroglyc- erine decreases both mean arterial pressure and pulse pressure.
Decreased Arterial Compliance (Chart 10)
Decreasing the compliance of an artery will increase pulse pressure. To understand these concepts, visualize a garden hose that has a minimal ability to stretch compared with that of a balloon. Opening the faucet introduces a bolus of water into the hose, and the wall of the hose will stretch minimally compared with that of a balloon with the same bolus of water. Therefore, the pressure that the water will impose on the wall of the hose will be much greater than that imposed on the wall of the balloon. If a vessel has a decreased compliance, then the vessel is unable to expand and absorb the energy imparted by the blood during systole. Consequently, systolic blood pressure increases. Likewise, the less compliant vessel has a reduced rebound effect, and diastolic blood pressure is reduced. Together, the increase in systolic pressure and decrease in diastolic pressure result in an increased pulse pressure.
As mentioned in Phenylephrine Administration, the vasoconstrictor actions of phenylephrine increases total peripheral resistance as well as pulse pressure. Vasoconstriction decreases the peripheral runoff of blood from the arteries through the resistance vessels.
When peripheral runoff is decreased, both arterial blood volume and mean arterial pressure increase. This increase in blood volume increases the stretch on the vascular wall and moves the vessel to a less compliant point on the pressure-volume curve (Fig. 7,  point B) .
In summary, this exercise was designed as an inquirybased, cooperative laboratory experiment to help students apply basic principles of cardiovascular physiology (4) (5) (6) (7) 16) . The students are challenged to assimilate information from chart recordings and match the experimental interventions with the correct chart recording. When this exercise is completed, it is our intent that students not only have a basic understanding of cardiovascular physiology but also are encouraged to continue their exploration of science. This exercise provided a simple yet challenging encounter with cardiovascular physiology without the complications that come with live animal research. Students not only learn the principles of cardiovascular physiology but also learn to appreciate laboratory work and analysis.
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